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Sir: 

I, William R. A. Osborne, declare and state as follows: 

1 . I am an inventor in the above-identified patent application. 

2. I am presently employed as a Research Professor in the Department of 
Pediatrics at the University of Washington. My Curriculum Vitae is attached hereto. 

3. I have read and fully understand the specification and claims of the above- 
identified patent application, as well as all Amendments to the claims and accompanying remarks 
filed in the application. 

4. All of the experiments described in this Declaration were performed and 
evaluated by me or under my direct instruction and supervision. 

5. In this Declaration, I have provided detailed comments on the teachings of the 
"prior art" references cited by the Patent Office as they relate to the invention claimed in the present 
application. For this purpose, I read the outstanding Office Action identified as Paper No. 26, as 
well as the previous Office Actions (Papers No. 6, 11, 15, and 19) presented in the application. I 
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also read and fully understand the references cited in the current and previous Office Actions, 
particularly including the Zalewski et al. (WO 93/15609) Nabel et al. (U.S. 5,328,470) and Anderson 
et al. (WO 90/224,525) references. I have analyzed these references with the goal of ascertaining 
their individual teachings and to determine whether these references, collectively, "teach or suggest" 
the presently claimed invention. 

6. My conclusion, based on the factual considerations summarized below, is that 
the Zalewski et al. (WO 93/15609), Nabel et al. (U.S. 5,328,470), and Anderson et al. (WO 
90/224,525) references, taken for what they teach as a whole, fail to provide sufficient motivation 
and direction that would have led a person of ordinary skill in the art at the time of the invention to 
make and practice the invention as claimed. 

7. I further conclude based on the facts presented herein that the results disclosed 
for the invention claimed in the instant application, as detailed in the specification and further 
clarified by the experimental data set forth herein below, represent "unexpected results" in view of 
the prior art of record in the application. Thus, even if it was presumed that the Zalewski et al, 
Nabel et al., and Anderson et al. references collectively "suggest" the presently claimed invention, 
these references would fail to provide "a reasonable expectation of success" for practicing the 
invention as disclosed in the specification. 

8. The Examiner has repeatedly cited the Zalewski et al. reference as allegedly 

teaching certain aspects of the invention, which are characterized to include: 

methods and kits with devices employing interferon gene therapy for 
the treatment of vascular disorders. More specifically, the references 
discloses transformation of smooth muscle cells on page 8 using 
various gene transfer methodologies. Further, page 9 of the reference 
discloses the use of implant devices to hold and contain said vascular 
smooth muscle cells. (Office Action Paper No. 1 1, at p. 10). 

9. My interpretation of this reference differs substantially from the foregoing 
interpretation. To begin with the Zalewski et al. reference focuses solely on in situ transduction 
methods for vascular gene therapy. There is no disclosure whatsoever of any "implant devices to 
hold and contain said vascular smooth muscle cells." The only devices and methods taught by 
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Zalewski et al. are "injection and transcatheter delivery devices to deliver a solution" or a "perfusate" 
under pressure, containing genes and vectors to transduce smooth muscle cells in arteries in situ (see, 
e.g. page 8, lines 21-23; page 9, lines 14-35, page 10, lines 4-8). The proposed use of these devices 
is transitory, lasting 1-2 minutes. This limited window of time for insertion of the perfusion catheter 
is based on the fact that the device occludes the target vessel, which presents a concomitant risk of 
myocardial infarction (see, e.g. page 10, lines 4-8). There is therefore no disclosure or suggestion of 
devices or methods "to hold and contain" transduced smooth muscle cells, particularly in the manner 
of the presently claimed prosthetic devices which are seeded with cells ex vivo, which cells are 
previously transduced ex vivo, and implanted as a long term graft. In fact, the Zalewski et al. 
reference teaches away from long-term graft devices by disclosing perfusion catheters which are 
taught as delivery vehicles for solutions and perfusates, not cells, and which function only on a very 
transient delivery basis. In contrast, the presently claimed devices and methods deliver transduced 
SMCs integrated in a prosthetic implant that physically replaces or bypasses existing vessels. 

10. The teachings of Zalewski et al. focus the artisan's attention on in situ 
transduction methods for vascular gene therapy . This aspect of the reference strongly influences the 
"direction" and extent of "motivation" that a skilled artisan would have gleaned from the reference 
to embark on a course leading toward, or away from, the presently claimed invention. From my 
analysis of the facts, I conclude that the Zalewski et al. reference teaches directly away from long- 
term delivery engrafting devices and methods as presently claimed . 

1 1 . The focus of Zalewski et al. on in situ transduction devices and methods are 
supplemented by numerous additional publications in the literature which similarly depart in the 
fundamental course of their teachings from the devices and methods of the present invention. These 
reports include a considerable assemblage of articles that expressly favor in situ over ex vivo 
transduction methods for implementing vascular gene therapy. Among these reports is the article by 
Nabel et al., Science 249:1285-1288, 1990 (of record), which appears to refute the proposed utility 
of implanting in vitro transduced endothelial cells mentioned as an alternative gene therapy method 
in the Nabel et al. patent (U.S. Patent No. 5,328,470) and specifically cited by the Examiner. In this 
article, Nabel and coworkers expressly criticize their earlier vascular gene therapy studies that 
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focused on ex vivo transduction and reimplantation of genetically modified endothelial cells. In 
relevant part, the authors state that: 

Because these studies required that syngeneic cell lines be established 
before genetic modification, adaptation to the treatment of human 
disease remained cumbersome . We now report that a recombinant 
gene can be efficiently expressed at a specific site in vivo by direct 
introduction of genetic material at the time of catheterization, (page 
1285, middle and right columns, emphasis added). 

12. Similar teachings are in fact provided in the Nabel et al. patent cited by the 
Office, wherein the inventors point to a distinct advantage that can be achieved through 
"introduction of recombinant genes directly" in vivo (as opposed to ex vivo transduction). The 
Nabel et al. patent disclosure involving direct gene transfer (for cancer treatment) reportedly 
supplants "traditional" (in vitro) gene transfer techniques, as emphasized in the following passage: 

The prior art approaches (referring specifically to "modification of 
tumor cells in vitro followed by transfer of the modified cells") are 
disadvantageous because thev subject the cells to selection in different 
growth conditions from those which act in vivo, and because they also 
require that cell lines be established for each malignancy, thereby 
rendering adaptability to human disease considerably more difficult , 
(column 12, lines 34-45, underscoring added to relevant text). 

13. These teachings lead directly away from ex vivo transduction of SMCs and ex 
vivo seeding of transduced SMCs onto a prosthetic vascular implant, as presently claimed. There is 
an express teaching against ex vivo transduction techniques. At the same time, there is an implicit 
teaching against the use of any kind of implantation device or method to introduce transduced cells 
for vascular gene therapy. This skepticism forecast by Nabel et al. with regard to "traditional" in 
vitro gene therapy methods reflects a widely adopted perspective in the art at the time of the 
invention. This perspective, expressly favoring direct, in vivo transduction methods for vascular 
gene therapy, proved to be strongly influential in the art, as evinced by more recent reports. For 
example, Kuo et al., Am. J. Roentgenology 171:553-558, 1998 (copy enclosed), teach directly away 
from ex vivo transduction and implantation devices for vascular gene therapy, as follows: 

The most advanced tissue engineering strategies currently available 
are cell-based in vitro studies or simplistic ex vivo strategies . These 



William R. A. Osborne, et al. PATENT 
Application No.: 08/217,324 
Page 5 

strategies are by their very nature inefficient, somewhat awkward , and 
thus of limited clinical usefulness .... 

By transfecting the desired vein segment with the Adv/RS V-tPA 
construct in situ, we were able to confer the desired thrombolytic 
characteristics to the graft in vivo, avoiding the need for complex ex 
vivo or in vitro treatments , (page 556, emphasis added). 

14. Considering the foregoing evidence, there does not appear to be a 
scientifically well-founded "suggestion" or "motivation" provided by the cited references, taken as a 
whole, that would have led the artisan to independently create the presently claimed devices and 
methods. Like Zalewski et al., Nabel et al. clearly teach that in situ transduction methods are 
favored, leading directly away from the combination recited in the claims. At the same time, the 
exact combination of teachings presently relied by the Examiner remains unclear from the record. 
As discussed above, Zalewski et al. appears to been originally cited in error, for allegedly teaching 
"the use of implant devices to hold and contain said vascular smooth muscle cells." (Office Action 
Paper No. 1 1, at p. 10). In the present Office Action, the Examiner appears to acknowledge this 
error, stating that: 

The fact that the Zalewski et al. reference does not specifically 
disclose an implantable prosthetic device lined with SMC (smooth 
muscle cells) does not take away from the fact that the Nabel reference 
does . (Paper No. 26, at page 4, underscore added). 

15. This excerpt from the Office Action raises a new puzzle as to the Examiner's 
interpretation of Nabel et al. As is clearly noted above, the teachings of Nabel et al. are expressly 
limited to the use of "catheter means" "for the instillation of vectors or cells" (see, e.g., columns 7 
and 8). Even when cells are transduced ex vivo, Nabel does not teach the use of an "implantable 
prosthetic device" that is "lined with" transduced cells. On the contrary, in column 7 of Nabel et al. 
the specification teaches that: "After instillation of the infected endothelial cells, the balloon catheter 
is removed . . .." Accordingly, the reference must be considered to teach directly away from 
"implantable device lined with SMC" or any other kind of cells, as further discussed above. This 
teaching away from the invention is further underscored in the subsequent Science article by Nabel 
et al. (supra, at page 1286), which criticized the authors' prior method employing a catheter to instill 
ex vivo transduced endothelial cells: 
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Although this method was effective, it required that cells syngeneic 
to the recipient animal be prepared and transduced, which took 
several weeks to prepare. Direct retroviral infection and liposome 
transfection allow the introduction of recombinant genes into any site 
accessible to a catheter without advanced preparation . . . this 
approach minimizes potential complications .... (emphasis added). 

16. On this basis, it is apparent that the Nabel et al. and Zalewski et al. cannot be 
relied upon as teaching or suggesting ex vivo vascular cell transduction and, separately or in 
combination, the use of a prosthetic implant lined with transduced cells. In fact, both references 
clearly teach away from both aspects of the present invention, as well as the proposed combination 
of these features. With respect to the Anderson et al. publication (WO 90/224,525), the Examiner 
correctly notes that this reference is limited in its description to using "genetically engineered 
endothelial cells and the use thereof for expressing a therapeutic agent" (Anderson et al., at p. 1, 
Office Action Paper No. 26 at page 4, underscore added). 

17. As a preliminary point in discussing the teachings of Anderson et al., it should 
be noted that, although the reference describes "a blood vessel graft which includes genetically 
engineered endothelial cells" (see, e.g., page 6), the reference actually purports to provide a large 
array of useful, alternative "solid supports" for transduced endothelial cells. These alternative 
supports include vascular shunts and by-passes, pads, strips, gels and other compatible implants (see, 
e.g., page 5). In my opinion, this broad spectrum of allegedly useful "implant" devices detracts from 
any proposed teaching that relates to the presently claimed vascular grafts. 

18. More importantly, the actual "Examples" provided by Anderson et al. relating 
to the present invention are limited to a brief description and evaluation of transduced endothelial 
cells in culture. The only Example that pertains directly to a seeded "graft" is a limited, in vitro 
Example wherein the seeded graft was maintained and assayed strictly in a tube of culture medium 
with no evidence of in vivo viability or transgene expression (see, Example 1, e.g., at page 12). This 
limited teaching does not, in my interpretation, support the Examiner's contention that Anderson et 
al.: 



discloses to the skilled artisan a vascular graft coated with genetically 
modified autologous endothelial cells , and further discloses the use of 
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this invention to deliver erythropoietin . Factor IX, G-CSF and GM- 
CSF proteins, among others. (Paper No. 26, at page 4). (underscore 
added). 

19. More specifically, I do not believe that the Anderson et al. reference would 
have been interpreted by the skilled artisan as providing an effective vascular graft for gene therapy 
in the manner alleged by the Examiner. I am also puzzled as to how the Examiner's interpretation of 
Anderson et al. is reconciled with the Examiner's own rejections and technical concerns raised in the 
Office Action under 35 U.S.C § 1 12, first paragraph. Clarification of these issues is necessary to 
assist me in presenting in vivo gene therapy aspects of the present invention that have been 
temporarily withdrawn from consideration in the application in the accompanying Amendment. 

20. The limited teachings of the Anderson et al. reference do not provide 
sufficient scientific motivation or guidance to overcome the negative teachings of Zalewski et al., 
Nabel et al., and others, noted above, that teach away from the use of ex vivo cellular transduction 
and instillation in any form, as well as the more unpredictable task of ex vivo graft seeding and 
implantation, in favor of direct, in situ transduction methods. More importantly, Anderson et al. 
provides nothing that would lead the artisan to substitute SMCs for the designated preferred, 
endothelial cell targets for transduction, seeding and/or implantation, allegedly described in the 
reference. Even if one skilled in the art accepted the teachings of Anderson et al. (considering the 
limited working examples noted above), to evince successful transduction, seeding and implantation 
of endothelial cell-coated vascular grafts, this acceptance would not translate to a "reasonable 
expectation of success" for extending these teachings to achieve the presently claimed vascular 
grafts incorporating transduced SMCs. This is particularly if one considers the distinct challenges 
and uncertainties involved in SMC and endothelial cell culture, transduction, seeding, and prolonged 
viability and transgene expression in vivo. 

21 . My reading of the prior art of record indicates that, even if Anderson et al. and 
other publications are accepted as teaching a successful vascular graft seeded with transduced 
endothelial cells suitable for long term implantation and expression of a foreign gene , there is no 
sufficient teaching or suggestion in the art that would have lead the ordinarily skilled practitioner, at 
the time of the invention, to substitute transduced SMCs for endothelial cells in a vascular graft 
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implant, as the Examiner proposes. There are instead numerous, independent grounds to support my 
conclusion that the art teaches directly against making the proposed substitution of cell types in a 
vascular graft. 

22. As an initial point for consideration, if the device of Anderson et al. is actually 
useful in the manner advocated by the Examiner, it would be counterintuitive to substitute SMCs for 
endothelial cells to arrive at the presently claimed invention. It is a fundamental principal of 
scientific reasoning that one should not alter a proven device or system demonstrated to work for an 
intended purpose, absent some compelling, practical motivation to do so. It is another basic 
scientific tenet not to increase the complexity of a proven device or system, without some well- 
reasoned expectation of substantially improved results. Thus, if Anderson et al. in fact teaches a 
useful vascular graft seeded with transduced endothelial cells for long term implantation and 
expression , one would be directly countermotivated to substitute SMCs for endothelial cells in such 
a useful implant, contrary to the Examiner's suggestion. In this regard, it is noted that numerous 
other references in the record follow the same direction as allegedly taught by Anderson et al., by 
reporting transfection of endothelial cells, the use of endothelial cells to line vascular grafts, viability 
of endothelial cell- lined grafts in vivo, and/or development of vascular grafts seeded with transduced 
endothelial cells. In particular, the Examiner's attention is directed to Dichek et al., Circulation 
80:1347-1353, 1989 (of record), and Flugelman, Thromb. Haemost. 74:406-410, 1995 (copy 
enclosed for consideration and entry in the record). Dichek et al. reports successful coating of 
retroviral-transduced endothelial cells onto stainless steel stents. The reference does not provide in 
vivo data, but instead cites Wilson et al. and Nabel et al. as having "reported encouraging data on the 
ability of implanted transduced endothelial cells to survive and proliferate in vivo." (page 1352, left 
column). Flugelman also teaches "the use of genetically engineered endothelial cells to improve the 
surface of a metallic endovascular prosthesis known as a stent." (page 406, right column). 

23. In light of these and other reports, there does not appear to be any direct, 
practical suggestion or compelling motivation in the art of record to make the proposed substitution 
of SMCs for endothelial cells in a prosthetic vascular graft for in vivo gene therapy, as proposed by 
the Examiner. On the contrary, sound scientific reasoning, and a consensus of teachings noted 
above, would appear to direct otherwise. In this context, the evidence of record clearly discloses, or 
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is at least advocated by the Examiner to disclose, that: (1) endothelial cells are an "excellent target" 
for gene therapy, in part because they line the vascular lumen and thus provide the advantage of 
direct exposure (of the transduced cells and their secreted products) to the circulation; (2) endothelial 
cells are reportedly shown by Anderson et al. and others to be readily transduced and seeded onto 
vascular graft surfaces; and (3) seeded endothelial cells on vascular grafts have been demonstrated to 
exhibit long-term survival in vivo. 

24. The following references and citations confirm the above-noted differences 
relating to the proposed use of SMCs as allegedly "obvious" substitutes for endothelial cells in gene 
therapy and, more specifically, in the context of transduced cell-seeded, vascular grafts for in vivo 
transgene expression. With regard to the prior art teaching a clear preference for endothelial cell 
targets in this context, Welling et al., Hum. Gene Ther . 7:1795-1802, 1996 (copy enclosed) states as 
follows: 

Endothelial cells are considered an excellent target for gene transfer 
because the represent a durable tissue located strategically at the blood 
tissue interface. A number of investigators have successfully 
transduced the endothelium of large muscular arteries (Nable and 
Nabel, 1994; Messina et al., 1995) (p. 1796, left column). 

25. Nabel et al., U.S. Patent No. 5,328,470 (of record), teach that direct, in situ 
transduction of endothelial cells provides the following advantages: 

In this way, the recombinant genes may be secreted directly into the 
circulation which perfuse the involved tissue or may be synthesized 
directly within the organ, (column 5, lines 19-22). 

26. Similarly, Zweibel et al., Science 243:220-222, 1989 (copy enclosed), teach 

that: 

The endothelium, because of its contiguity with the bloodstream, is a 
particularly attractive target for the delivery of functional genes in 
vivo. The use of endothelium for gene transfer would permit secretion 
of a recombinant protein from genetically engineered endothelial cells 
directly into the blood , (page 22, right column, underscore added). 
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27. Reiterating and affirming these teachings, Zwiebel and other coworkers stated 
in Biochem. Biophvs. Res. Comm. 170:209-213, 1990 (copy enclosed) that: 

Endothelial cells are attractive targets for gene transfer because of 
their immediate contact with the bloodstream , and, therefore, they 

might serve as attractive targets for therapeutic drug delivery 

The fact that a recombinant gene can be readily inserted and 
efficiently expressed into human endothelial cells suggests that these 
cells may be able to serve a role in human gene therapy , (page 209, 
Abstract, emphasis supplied). 

28. Further validating these teachings, Wilson et al., Science 244:1344-1346, 
1989 (of record), state that: 

Because of their proximity to the blood stream endothelial cells are an 
obvious candidate for delivering therapeutic proteins svstemicallv . 
(page 1346, left column, emphasis added). 

29. In direct contrast to these teachings, SMCs were not viewed in the art at the 
time of the invention to be an "excellent target" for gene therapy. Moreover, SMCs are not naturally 
in direct contact with the circulating blood, but are instead covered by endothelial cells that would at 
least impair the exposure of transduced SMCs to the circulation to yield a therapeutic influence 
following transgene expression. Finally, SMCs had not been shown at the time of the invention to 
be readily transduced and seeded onto vascular graft surfaces, nor had their by long-term survival as 
a transduced, seeded cell layer on vascular grafts been established. 

30. Yet another important point to consider is that SMCs and endothelial cells 
would not have been viewed to be "interchangeable" in a vascular graft, i.e., whereby SMCs could 
be used as an equivalent substitute for endothelial cells. In other words SMCs would not have been 
considered "as an equivalent substitute for endothelial cells." Thus, to include SMCs as a 
component of a vascular graft as advocated by the Examiner, rather than simply substituting one cell 
type for the other to make the proposed combination, the artisan would need to assemble a 
combination of multiple cell types in the graft, rendering the proposed combination far more 
complex to engineer, and much less likely to succeed. This follows the teachings noted above that 
endothelial cells are an "excellent target" for gene therapy. In addition, there was a long-standing 
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consensus in the art at the time of the invention that endothelial cells are an important or essential 
component of vascular implants, to prevent thrombosis and other adverse effects and otherwise 
better mimic natural blood vessel structure/function. In this context, Welch et al., Ann. Vase. Surg. , 
6:473-484, 1992 (of record) reviewed a broad spectrum of literature relating to endothelial vascular 
graft seeding, stating that: 

Attempts to improve prosthetic graft performance have progressed 
broadly along two fronts: mechanical and biological. The latter adopts 
the concept that improved performance could be achieved if the 
luminal surface of the graft had biological characteristics of normal 
vessels, being lined with endothelium capable of resisting platelet 

aggregation , (page 473, left column, emphasis added) These 

original experiments have since generated a large volume of research 
to develop a technique to line prosthetic grafts with a confluent 
functional endothelial cell monolayer, (id., right column). 



31. Similarly, Vohra et al., Eur. J. Vase. Surg . 5:93-103, 1991 (of record), teach 



that: 



In order to overcome the thrombogenecity of synthetic vascular 
prostheses, attempts have been made to line these grafts with living 
endothelium. 1 ' 3 Animal studies have shown reduced platelet adhesion 
and improved patency in endothelial cell seeded grafts. 4-6 Dacron and 
Polytetrafluoroethylene have both been successfully seeded with 
endothelial cells resulting in confluent monolayers in vitro as well as 
in vivo. 2,3,6 " 9 

32. Interestingly, one of the principal benefits of endothelial cell seeding of 
vascular grafts has been considered to be the prevention of smooth muscle cell proliferation in grafts 
to prevent graft occlusion. This and related teachings in the art further direct the artisan away from 
incorporating seeded SMCs in vascular graft implants. Briefly, a principal drawback in vascular 
graft surgery is restenosis and other forms of neointimal hyperplasia mediated by excessive 
proliferation of SMCs at sites of vascular graft implantation. After the implantation of a vascular 
graft, aberrant recruitment and growth of SMCs commonly narrows or occludes the vessel lumen, 
leading to a loss of patency and/or graft failure. In light of these concerns, it is a widely proposed 
goal in the art to block SMC recruitment or growth at sites of surgical vascular injury, including 
vessel grafts . For example, Isner, U.S. Patent No. 5,830,879 (copy enclosed), teaches a method for 
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reendothelialization of the lining of an injured blood vessel using in situ transfection of DNA 
encoding vascular endothelial growth factor (VEGF). This stated purpose for this method is that it 
" inhibits smooth muscle cell proliferation and consequently reduces restenosis ." (Abstract, 
underscore added). See, also, McCarthy, Lancet 347:752, 1996 (copy enclosed). This reference 
cites Isner's work involving in situ VEGF transduction of endothelial cells, specifying that the goal 
of the work is to both " stimulate endothelial proliferation" and "limit smooth-muscle-cell 
proliferation and other changes that cause restenosis ." 

33. Numerous other references teach away from using SMCs, or a combination of 
endothelial cells and SMCs, as a component for seeding a vascular prosthesis. Following the later 
course of development in the art, noted above (favoring direct, in situ transduction methods over ex 
vivo transduction and implantation) Mann et al., Proc. Nat. Acad. Sci. USA 92:4502-4506, 1995 
(copy enclosed) teach a modified vascular bioprosthesis that is genetically engineered specifically to 
block SMC growth . Thus, at page 4502 (Abstract), Mann and colleagues teach that: 

an intraoperative gene therapy approach using antisense 
oligodeoxynucleotide blockage of medial smooth muscle cell 
proliferation can prevent the accelerated atherosclerosis that is 
responsible for autologous vein graft failure , (underscore added). 

34. The articles noted above, that specifically teach seeding of transduced 
endothelial cells in vascular grafts to inhibit SMC proliferation are particularly relevant to the 
present analysis. These articles can only be considered to teach directly away from seeding grafts 
with SMCs, alone or in combination of endothelial cells and SMCs. In this context, Dichek et al., 
supra at page 1347 (Abstract) teaches that: 

The use of intravascular stents may be limited by both local 
thrombosis and restenosis due to intimal proliferation . In an effort to 
provide solutions to these problems, we seeded stents with genetically 
engineered endothelial cells . . . (for) improvement of stent function 
through localized delivery of anticoagulant, thrombolytic, or 
antiproliferative molecules , (underscores added). 



35. 



Similarly, Wilson et al., WO 89/05345 (copy enclosed), teaches that: 



William R. A. Osborne, et al. 



PATENT 



Application No.: 08/217,324 
Page 13 

There are many advantages to endothelial cells of the present 
invention. For example, they can be designed to improve the 
characteristics of endothelial cell-lined prosthetic implants by 
enhancing or improving the ability of endothelial cells to seed or bind 
to the inner surface of the implant; by modifying the endothelial cells 
used to line an implant so that they will grow; or by overcoming the 
problem, encountered with presently-available implants, of smooth 
muscle cell growth at the implant ends, which results in narrowing, 
and, ultimately, closing off of the ends , (page 4, lines 1 1-20, emphasis 
added) . . . (for example by) secretion of an inhibitor of smooth 
muscle proliferation to prevent luminal stenosis due to smooth muscle 
hypertrophy , (page 5, lines 5-7, underscore added). 

36. As stated above, these references teach directly away from seeding grafts with 
SMCs, alone or in combination with endothelial cells. The Wilson et al. reference, because it 
teaches methods for "improving the ability of endothelial cells to seed or bind to the inner surface of 
the implant ", further teaches away from layering endothelial cells (i.e., in combination) over a graft 
initially seeded with SMCs. 

37. In light of all of the foregoing evidence and remarks, I conclude that the art of 
record, taken for what it teaches as a whole, fails to provide sufficient motivation and direction that 
would have led a person of ordinary skill in the art, at the time of the present invention, to make and 
practice the invention as claimed. 

38. I further conclude that, even if the art of record is considered to collectively 
"suggest" the presently claimed invention, the results disclosed in the specification for the invention 
represent "unexpected results." These results, as clarified by the experimental data set forth in the 
application and further expanded herein below, are not predicted with "a reasonable expectation of 
success" by the art of record. This conclusion is based on my detailed evaluation of the 
experimental results in the application and herein, and on my interpretation of the relevant references 
above. 

39. Briefly, each of these basic embodiments of the invention presently set forth 
in the claims are supported by detailed, in vitro and in vivo examples, which demonstrate successful 
isolation, transduction and seeding of SMCs onto prosthetic vascular grafts, as well as long term 
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viability and continued transgene expression by the seeded SMCs. Example 1 of the specification 
describes isolation and characterization of SMCs (pp. 12-13) from a non-human primate (baboon), 
which cells are subsequently efficiently transduced and selected and shown to stably express an 
exemplary gene of interest (pp. 13-15). The selected, transduced cells were then shown to be 
effectively seeded onto prosthetic graft surfaces and exhibit long term and high efficiency viability 
through the seeding process (p. 15). 

40. Prosthetic vascular implants prepared according to the methods of the 
invention are further shown in the specification to be useful, inter alia, for implantation into 
mammalian (baboon) subjects (pp. 15-19). After implantation, the grafts were demonstrated to 
remain patent (e.g., p. 16, lines 27-32) and to express the exemplary transgene on a long-term basis 
(e.g., 3-5 wks; p. 17-19, p. 18, lines 14-20). These results were the subject of a peer-reviewed 
publication entitled "Gene Transfer in Baboons Using Prosthetic Vascular Grafts Seeded with 
Retrovirally Transduced Smooth Muscle Cells: A Model for Local and Systemic Gene Therapy" 
(Geary et aL Hum. Gene Ther. 5:1211-1216. 1994 (of record). 

41 . The unique mode and route of delivery of the invention, using in vitro 
transduction and local engrafting of smooth muscle cell-seeded grafts provides unexpected 
advantages over systemic gene/vector delivery, the latter of which has now been determined to 
expose vectors to inactivation by serum factors prior to the infection of target cells. For example, 
vector inactivation in skin fibroblasts has been documented in both rats (Palmer et al., 1991) and 
dogs (Ramesh et al., 1993). In contrast, further evaluation of the claimed devices and methods of the 
invention has demonstrated that retroviral vector sequences are not inactivated by SMCs seeded onto 
vascular grafts. 

42. The presently claimed invention overcomes yet additional weakness of direct, 
in situ transduction methods, including poor safety and definition relating to in vivo targeted cell 
populations (e.g., based on uncertain vector delivery, infection success, targets and extent of tissue 
transduction, level of gene expression — all of which are less manageable and predictable in direct, in 
situ methods compared to the present methods). One particularly important safety feature of the 
invention relates to the localization and control of transduced cell SMC populations in implanted 
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grafts. As described in the specification, seeded, transduced SMCs are efficiently retained in the 
implanted grafts (see, e.g., p. 19, lines 1-7). Subsequent experiments validate this disclosure by 
demonstrating that there is no detectable presence or persistence of dislodged, transduced SMCs 
persisting in long-term graft recipients (rats) that could impair the safety of the grafting procedures. 

43. While it is understood that therapeutic efficacy is not a requirement to 
establish patentability of the presently claimed subject matter, the results demonstrated for the 
invention in this regard nonetheless emphasize the nature "unexpected results" provided by the 
invention. As expressly forecast in the specification, vascular grafts according to the present 
invention have been shown to be capable of delivering therapeutic levels of multiple, highly relevant 
transgenes in accepted model hosts. Thus, the record provides evidence establishing in vivo 
expression of therapeutic levels of granulocyte-colony stimulating factor (G-CSF) manifesting 
sustained, therapeutic increases in neutrophil levels in canine subjects, as well as rats, using the 
claimed SMC-engrafting devices and methods (see also, Applicants 1 April 2, 1996 amendment and 
supporting exhibits). 

44. Referring to the data developed in a canine model system, efficient 
transduction and seeding of G-CSF-expressing SMCs on prosthetic grafts implanted in canine 
subjects has been demonstrated and published (see, e.g. Osborne et al., Clin. Res. 41: 194A, 1993, of 
record). In this study which follows the general teachings of the specification, the seeded grafts 
were removed after three months of in vivo activity and yielded healthy transduced cells that 
secreted G-CSF in culture (id ). During the course of graft implantation, the test subjects exhibited 
significant, therapeutically relevant increases in neutrophil production. These clinical data 
correlated with G-CSF expression from the implanted, seeded PTFE grafts. In particular, neutrophil 
levels increased from control levels of 5,000-6,000 PMN/micro liter to post-treatment levels of 
8,000-9,000 PMN/microliter, after three months of treatment. 

45. As further demonstrated in another peer-reviewed publication that followed 
the teachings of the specification (Osborne et al., Proc. Natl. Acad. Sci. USA 92: 8055-8058, 1995; 
Exhibit 2 to Applicants April 2, 1996 Amendment), long-term expression of EPO in rats has been 
achieved using transduced vascular smooth muscle cells seeded on vascular grafts for greater than 
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seven weeks, and subsequent data have been obtained for expression out to greater than nine months. 
As noted in this publication: 

These data indicate a relatively efficient seeding procedure that results 
in a cell mass capable of providing sustained gene delivery at 
therapeutically significant levels, [p. 8057; col. 1, first para; emphasis 
added.] 

*** 

The constitutive level of Epo we achieved in this study would provide 
useful therapy for patients with renal failure. Although arterial 
seeding is not feasible in human subjects, we have recently shown in 
baboons that prosthetic vascular grafts can be used as a device to 
implant transduced cells. From the data produced in this rat model 
and our studies in dogs and baboons, we estimate that 10 8 transduced 
vascular smooth muscle cells can provide a therapeutic dose of Epo to 
an 80-kg patient, and this cell number could be transplanted in a 10 
cm x 4 mm prosthetic graft.... The ability to treat these patients, and 
others with Epo-responsive anemias, by gene therapy would provide 
major clinical and economic benefits, [p. 8057, col. 2, lines 13-30; 
citations omitted; emphasis added.] 

46. It should be further noted in this context that the invention allows modulation 
of delivery of EPO and other therapeutic products to achieve therapeutic levels of delivery, 
unrealized by other modes and routes of gene therapy. In fact, the amount of erythropoietin that is 
secreted per cm. of graft containing transduced cells can be pre-determined to achieve a desired 
hematocrit, e.g., by altering the length of grafts or density of seeded cells. 

47. Thus, the record provides evidence of long-term, adjustable, therapeutic levels 
of erythropoietin (EPO) expression manifested by therapeutically relevant increases in hematocrit 
levels in rats and dogs using the engrafting devices and methods of the invention. Additional data 
has been developed in baboons which support adjustable delivery of EPO in these subjects, based on 
seeded cell number and graft size. Presently, the inventors' have received approval from the 
University of Washington Human Subjects Committee (IRB) to implant PTFE dialysis access grafts 
seeded with transduced SMCs expressing human EPO into patients with end-stage renal 
disease(ESDR). 
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47. Thus, the record provides evidence of long-term, adjustable, therapeutic levels 



of erythropoietin (EPO) expression manifested by therapeutically relevant increases in hematocrit 
levels in rats and dogs using the engrafting devices and methods of the invention. Additional data 
has been developed in baboons which support adjustable delivery of EPO in these subjects, based on 
seeded cell number and graft size. Presently, the inventors' have received approval from the 
University of Washington Human Subjects Committee QRB) to implant PTFE dialysis access grafts 
seeded with transduced SMCs expressing human EPO into patients with end-stage renal 
disease(ESDR). 



the invention, as described in the specification and as set forth in the pending claims, provide 
"unexpected results'' over the prior art of record, viewed for what it teaches as a whole (as discussed 
above). In particular, even if it is considered that the art "suggests" to make the devices of the 
invention as claimed, there is no reasonable expectation of success that can be gleaned from these 
references to obtain the disclosed results, on an individual or collective basis. 



true and that all statements made on information and belief are believed to be true; and further that I 
make these statements with the knowledge that willful false statements and the like are punishable 
by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code, and that 
such willful false statements may jeopardize validity of the application or any patent issuing thereon. 



48. The foregoing evidence clearly demonstrates that the devices and methods of 



49. I further declare that all statements made herein of my own knowledge are 




By: 




William R. A. Osborne 



SE 500711 7 v1 



William R. A. Osborne, et al. 
Application No.: 08/217,324 
Page 18 



APPENDIX 

CURRICULUM VITAE 
OF 

William R. A. Osborne, Ph.D. 



PATENT 



Personal Data 
Address: 

Phone: 

Fax: 

E-mail 

Citizenship: 

Education 

Undergraduate: 

Graduate: 



Positions Held 
1957-1968 

1969-1972 

1972-1975 

1975- 1976 

1976- 1981 



Department of Pediatrics MS 356320 
University of Washington 
Seattle, WA 98195 
206-543-4735 
206-543-3184 

wosbome@,u. washington.edu 
USA 



1957-1965 Plymouth University, Plymouth, 
England 

Graduate, R.I.C., Chemistry 

1 968- 1 969 University of Bristol, Bristol, 

England 

M.Sc, Advanced Analytical Chemistry 

1 969- 1 972 King's College, University of 

London, England 
Ph.D., Biochemistry 



Analytical Chemist, Central Electricity 
Generating Board, England 

Part-time teaching, North East London 
Polytechnic, Barking, England 

Postdoctoral Fellow, Department of Human 

Genetics, University of Michigan School of Medicine, Ann Arbor, 

Michigan 

Research Associate, Department of Pediatrics, 

University of Washington School of Medicine, Seattle, Washington 

Research Assistant Professor, Department of 

Pediatrics, University of Washington School of Medicine, Seattle, 

Washington 



William R. A. Osborne, et al. PATENT 



Application No.: 08/217,324 
Page 19 

1981-1990 Research Associate Professor, Department of 

Pediatrics, University of Washington School of Medicine, Seattle, 
Washington 

1 990-Present Research Professor, Department of Pediatrics, 

University of Washington School of Medicine, 
Seattle, Washington 

1995-Present Director of Gene Therapy Research, Center on Human Health and 

Disability, University of Washington. 



Memberships 

Biochemical Society, London, England 
Royal Institute of Chemistry, London, England 
American Association for the Advancement of Science 
American Society of Gene Therapy 

Honors and Awards 

Scientific Editorial Board Human Gene Therapy 1992-to date 

Henry Christian Memorial Award for Excellence in Clinical Research, American 



Federation of Clinical Research 1 992 

Member Medical Biochemistry Study Section, DRG, NIH, 1993-1997 
Member Ad Hoc Special Emphasis Study Section SSM 

Bibliography 

1. Osborne WRA: The automatic analysis of sulphate in natural waters. M.Sc. Thesis. 
University of Bristol, 1970. 

2. Osborne WRA: The biochemistry of inherited forms of human red cell adenosine deaminase. 
Ph.D. Thesis. University of London, 1972. 

3. Osborne WRA, Spencer N; Partial purification and properties of the common inherited 
forms of adenosine deaminase from human erythrocytes. Biochem J 133:1 17-123, 1973. 

4. Osborne WRA, Tashian RE: Thermal inactivation studies of normal and variant human 
erythrocyte carbonic anhydrases by using a sulphonamide-binding assay. Biochem J 
141:219-225, 1974. 

5. Tashian RE, Osborne WRA: Some genetic and molecular aspects of enzyme adaptation. In 
Physiological Adaptation to the Environment, Vernbert FJ (ed), Intest Educational 
Publishers, New York, pp 37-51, 1975. 

6. Tashian RE, Goodman M, Tanis RJ, Ferrell RE, Osborne WRA: Evolution of the carbonic 
anhydrase isozymes. In Proc Third International Isozyme Conference: Isozymes — Genetics 
and Evolution, Markert CL (ed), Academic Press, New York, pp 207-223, 1975. 



William R. A. Osborne, et al. 



PATENT 



Application No.: 08/217,324 
Page 20 

7. Osborne WRA, Tashian RE: An improved method for the purification of carbonic anhydrase 
isozymes by affinity chromatography. Anal Biochem 64:297-303, 1975. 

8. Osborne WRA: Combined review of isozymes, Volume I-IV, Markert CL (ed), Academic 
Press, 1975. Qu Rev Biol 51:107-108, 1976. 

9. Tanis RJ, Osborne WRA, Ueda N, Tashian RE: Biochemical characterization of the human 
carbonic anhydrase variant Calh Hiroshima. Hum Genet 34:29-34, 1976. 

10. Osborne WRA, Chen S-H, Giblett ER, Biggar WD, Ammann AJ, Scott CR: Purine 
nucleoside phosphorylase deficiency: evidence for molecular heterogeneity in two families 
with enzyme deficient members. J Clin Invest 60:741-746, 1977. 

11. Sullivan JL, Osborne WRA, Wedgwood RJ: Adenosine deaminase activity in lymphocytes. 
Brit J Haematol 17:157-158, 1977. 

12. Osborne WRA, Chen S-H, Scott CR: Use of the integrated steady state rate equation to 
investigate product inhibition of human red cell adenosine deaminase and its relevance to 
immune dysfunction. J Biol Chem 253:323-325, 1978. 

13. Ochs UH, Chen S-H, Ochs HD, Osborne WRA, Scott CR: Purine nucleoside phosphorylase 
deficiency: A molecular model for selective loss of T-cell function. J Immunol 122:2424- 
2429, 1979. 

14. Osborne WRA, Scott CR: Genetic heterogeneity in purine nucleoside phosphorylase 
deficiency. In Proc Birth Def Inst Symp IX: Inborn Errors of Specific Immunity, Academic 
Press, New York, pp 135-144, 1979. 

15. Ochs UH, Chen S-H, Ochs HD, Osborne WRA, Scott CR: Deoxyribonucleotide toxicity on 
adenosine deaminase and purine nucleoside phosphorylase positive and negative cultured 
lymphoblastoid cells. In Proc Birth Def Inst Symp IX: Inborn Errors of Specific Immunity, 
Academic Press, New York, pp 191-207, 1979. 

16. Osborne WRA, Giblett ER: An enzyme-linked immunosorbent assay for the indirect anti- 
human globulin test. Acta Haematologica 63 : 1 24- 1 27, 1980. 

17. Osborne WRA, Sullivan JL, Scott CR: Formycin B, purine nucleoside phosphorylase and 
lymphocyte function. Immunol Comm 9(3):257-267, 1980. 

18. Osborne WRA: Human red cell purine nucleoside phosphorylase: purification by 
biospecific affinity chromatography and physical properties. J Biol Chem 255:7089-7092, 
1980. 

19. Osborne WRA, Scott CR: Purine nucleoside phosphorylase deficiency: measurement of 
variant protein in four families with enzyme deficient members by an enzyme-linked 
immunosorbent assay. Am J Hum Genet 32:927-933, 1980. 

20. Osborne WRA: Inherited absences of purine recycling enzymes associated with defects of 
immunity. Trends in Biochem Sci 6:80-83, 1981. 



William R. A. Osborne, et al. 



PATENT 



Application No.: 08/217,324 
Page 21 

21. Osborne WRA, Tashian RE: The proteolytic degradation of normal and variant human 
carbonic anhydrase isozymes by alpha-chymotrypsin. J Biol Chem 256:1330-1334, 1981 

22. Giblett ER, Chen S-H, Osborne WRA: Inherited defects in purine salvage enzymes 
associated with immunodeficiency states. In Contemp Hematol/Oncol, Silbert R, Gordon 
AS, Lobue J, Muggin FM (eds), Plenum Press 2:263-286, 1981. 

23. Oliver JM, Osborne WRA, Pfeiffer JR, Child FM, Berlin RD: Purine nucleoside 
phosphorylase is associated with centrioles and basal bodies. J Cell Biol 91:837-847, 1981. 

24. Ferrell RE, Osborne WRA, Tashian RE: Effect of metabolic acidosis on hydrogen ion 
excretion in a pig tail macaque with erythrocyte carbonic anhydrase 1 deficiency. Proc Soc 
Exp Biol Med 168:155-158, 1981. 

25. Osborne WRA, Hammond WP, Dale DC: Canine cyclic hematopoiesis is associated with 
aberrant purine and pyrimidine metabolism. J Clin Invest 71 :1348-1355, 1983. 

26. Osborne WRA, Scott CR: The metabolism of deoxyguanosine and guanosine in human B 
and T lymphoblasts. A role for deoxyguanosine kinase activity in the selective T-cell defect 
associated with purine nucleoside phosphorylase deficiency. Biochem J 214:71 1-718, 1983. 

27. Osborne WRA, Tashian RE: Dissociation constants for carbonic anhydrase-sulfonamide 
binding by high-performance liquid chromatography. Anal Biochem 137:302-306, 1984. 

28. Swanson D, Osborne WRA, Ferrell RE: Red cell carbonic anhydrase I determined by 
enzyme-linked immunosorbent assay in patients with renal tubular acidosis. Annals NY 
Acad Sci 429:282-283, 1984. 

29. Osborne WRA, Tashian RE: Genetic variation in the carbonic anhydrase isozymes of 
Macaque monkeys. IV. Degradation by heat and proteolysis of normal and variant carbonic 
anhydrase isozymes of Macaca nemestrina. Arch Biochem Biophys 230:222-226, 1984. 

30. Osborne WRA, Hammond WP, Dale DC: Human cyclic hematopoiesis is associated with 
aberrant purine metabolism. J Lab Clin Med 105:403-409, 1985. 

31. Barton RW, Osborne WRA: The effects of PNP inhibition on rat lymphoid cell populations. 
Advances in Experimental Medicine and Biology 195 B: 429-435, 1986. 

32. Osborne WRA: Nucleoside kinases in T and B lymphoblasts distinguished by 
autoradiography. Proc Natl Acad Sci USA 83:4030-4034, 1986. 

33. Osborne WRA, Deeg HJ, Slichter SS: A canine model of induced purine nucleoside 
phosphorylase deficiency. Clin Exp Immunol 66: 166-172, 1986. 

34. Osborne WRA, Barton RW: A rat model of purine nucleoside phosphorylase deficiency. 
Immunology 59:63-67, 1986. 

35. Palmer TD, Hock RA, Osborne WRA, Miller AD: Efficient retro virus-mediated transfer and 
expression of the human adenosine deaminase gene in diploid skin fibroblasts from an 
adenosine deaminase-deficient human. Proc Natl Acad Sci, USA, 84:1055-1059, 1987. 



William R. A. Osborne, et al. 



PATENT 



Application No.: 08/217,324 
Page 22 

36. Palmer TD, Hock RA, Osborne WRA, Miller AD: Efficient transfer of genes into human 
diploid fibroblasts using retroviruses. In Modern Cell Biology V: Molecular Mechanisms in 
the Regulation of Cell Behavior. C Waymouth (ed), Alan Liss (pub) 5 pp. 307-312, 1987. 

37. Osborne WRA, Miller AD: Design of vectors for efficient expression of human purine 
nucleoside phosphorylase in skin fibroblasts from enzyme-deficient human. Proc Natl Acad 
Sci, USA, 85:6851-55, 1988. 

38. Miller AD, Adam MA, Osborne WRA: Retrovirus mediated transfer into human skin 
fibroblasts. Current communications in Molecular Biology. Viral Vectors. Cold Spring 
Harbor Laboratory, Eds Gluzman Y, Hughes SH, 122-126, 1988. 

39. Hock RA, Miller AD, Osborne WRA: Expression of human adenosine deaminase from 
various strong promoters after gene transfer into human hematopoietic cell lines. Blood, 
74:876-881, 1989 

40. Osborne WRA, Hock RA, Kaleko M, Miller AD: Long-term expression of human adenosine 
deaminase in mice after transplantation of bone marrow infected with amphotropic retroviral 
vectors. Hum Gene Therapy 1:31-41, 1990 

41. Slichter SJ, Deeg HJ, Osborne WRA: Inhibition of purine nucleoside phosphorylase (PNP) 
reduces refractoriness to transfused platelets in a dog model. Brit J Haematol, 75:591-597, 
1990 

42. Kaleko M, Garcia JV, Osborne WRA, Miller AD: Expression of human adenosine deaminase 
in mice after transplantation of genetically-modified bone marrow. Blood 75:1733-1741, 
1990 

43. Culver K, Morgan RA, Osborne WRA, Lee RT, Lenschow D, Able C, Cornetta K, Anderson 
WF, Blaese RM: In vivo expression and survival of gene-modified Rhesus T lymphocytes. 
Human Gene Therapy 1:399-410, 1990. 

44. Culver KW, Osborne WR, Miller AD, Fleisher TA, Berger M, Anderson WF, Blaese RM. 
Correction of ADA deficiency in human T lymphocytes using retroviral-mediated gene 
transfer. Transplant Proc. 23:170-1, 1991. 

45. Palmer TD, Rosman GJ, Osborne WRA, Miller AD: Genetically-modified skin fibroblasts 
persist long after transplantation but gradually inactivate introduced genes. Proc Natl Acad 
Sci 88:1330-1334, 1991. 

46. Ramesh N, Osborne WRA: Assay of neomycin phosphotransferase activity in cell extracts. 
Anal Biochem 193:316-318, 1991. 

47. Stockschlader MAR, Storb R, Osborne WRA, Miller AD: L-histidinol provides effective 
selection of retrovirus-vector-transduced keratinocytes without impairing their proliferative 
potential. Hum Gene Therapy 2:33-39, 1991. 

48. Miller AD, Kaleko M, Garcia JV, Thompson AR, Osborne WRA, Palmer TD: Gene transfer 
into hematopoietic and skin cells. In Treatment of Genetic Disease. Desnick RJ, Goldberg 
JD, Rattazzi MD (Eds.), Churchill Livingstone Publishers, pp. 261-271, 1991. 



William R. A. Osborne, et al. 



PATENT 



Application No.: 08/217,324 
Page 23 

49. Lee MY, Eyre DE, Osborne WRA: Isolation of a murine osteoclast colony-stimulating 
factor. Proc Natl Acad Sci 88:8500-8504, 1991. 

50. Adam MA, Ramesh N, Miller AD, Osborne WRA: Internal initiation of translation in 
retroviral vectors carrying piconarvirus 5' nontranslated regions. J Virol 65:4985-4900, 
1991. 

51. Scheuning FG, Kawahara K, Miller AD, To R. Goehle S, Stewart D, Mullally K, Fisher L, 
Graham TC, Appelbaum FR, Hackman R, Osborne WRA, Storb R: Retrovirus-mediated 
gene transduction into long-term repopulating marrow cells of dogs. Blood 78:2568-2576, 
1991. 

52. Osborne WRA: Retrovirus-mediated gene expression in mammalian cells. Curr Opinion in 
Biochtechnology 2:708-712, 1991. 

53. Lynch CM, Clowes MM, Osborne WRA, Clowes AW, Miller AD: Long-term expression of 
human adenosine deaminase in vascular smooth muscle cells of rats: a model for gene 
therapy. Proc Natl Acad Sci, USA. 89:1 138-1 142, 1992. 

54. Dale DC, Lau S, Nash R, Boone T, Osborne WRA: The effect of endotoxin on serum 
granulocyte and granulocyte-macrophage colony stimulating factor (G-CSF and GM-CSF) 
levels in dogs. J Infect Dis, 165:689-694, 1992. 

55. Ramesh N, Stella Lau, Theo D. Palmer, Rainer Storb, William R. A. Osborne: High level 
human ADA expression in dog skin fibroblasts is not sustained following transplantation. 
Human Gene Therapy, 4:3-7, 1993. 

56. Clowes MM, Lynch CM, Miller AD, Miller DG, Osborne WRA, Clowes AW: Long term 
biological response of injured rat carotid artery seeded with smooth muscle cells expressing 
retrovirally introduced human genes. J. Clin Invest. 93:644-651, 1994. 

57. Bauer TR, Osborne WRA, Kwok KK, Hickstein DD: Expression from leukocyte integrin 
promoters in retroviral vectors. Human Gene Therapy. 5:709-716, 1994. 

58. Kuver R, Ramesh N, Lau S, Savard C, Lee SP, Osborne WRA: Constitutive mucin secretion 
linked to CFTR expression. Biochem. Biophys. Res. Comm. 203:1457-1462, 1994. 

59. Geary RL, Clowes AW, Lau S, Vergel S, Dale DC, Osborne WRA: Gene transfer in 
baboons using prosthetic vascular grafts seeded with retrovirally transduced smooth muscle 
cells: A model for local and systemic gene therapy. Human Gene Therapy 5:1211-1216, 
1994. 

60. Ramesh N, Shin YK, Lau S, Osborne WRA: High-level expression from CMV promoter in 
macrophage cells. Human Gene Therapy 6:1323-1327, 1995. 

61. Adam MA, Osborne WRA, Miller AD: R-region cDNA inserts in retroviral vectors are 
compatible with virus replication and high-level protein synthesis from the insert. Human 
Gene Therapy 6:1 169-1 176, 1995. 



William R. A. Osborne, et al. 



PATENT 



Application No.: 08/217,324 
Page 24 

62. Osborne WRA, Ramesh N, Lau S, Clowes MM, Dale DC, Clowes AW: Gene therapy for 
long-term expression of erythopoietin in rats. Proc. Natl. Acad. Sci. USA. 92:8055-8058, 
1995. 

63. Lejnieks DV, Han SW, Ramesh N, Lau S, Osborne WRA: Granulocyte-colony stimulating 
factor expression from transduced vascular smooth muscle cells provides sustained 
neutrophil increases in rats. Human Gene Therapy. 7:1431-1436, 1996 

64. Ramesh N, Kim S-T, Wei MQ, Khalighi M, Osborne WRA: High-titer bicistronic retroviral 
vectors employing foot-and-mouth disease virus internal ribosome entry site. Nucl. Acids 
Res. 24:2697-2700, 1996 

65. Han WH, Ramesh N, Osborne WRA: Cloning and expression of the cDNA encoding rat 
granulocyte colony-stimulating factor. Gene 175:101-104, 1996 

66. Kuver R, Savard C, Osborne WRA, Lee SP: Isolation and long-term culture of gallbladder 
epithelial cells from wild-type and CF mice. In Vitro Cell Dev. Biol. 33: 104-109, 1997 

67. Seppen J, Kimmel RJ, Osborne WRA: Serum-free production, concentration and purification 
of recombinant retroviruses. Biotechniques 23:788-790, 1997 

68. Lejnieks DV, Ramesh N, Lau S, Osborne WRA: Stomach implant for long term 
erythropoietin expression in rats. Blood 92:888-893, 1998 

69. Osborne WRA, Ochs HD: Immunodeficiency diseases due to purine nucleoside 
phosphorylase(PNP) deficiency. In The genetics of primary immunodeficiency diseases. 
Eds. Ochs HD, Puck J, Smith E. Oxford University Press, 1999 

70. Wei MQ, Lejnieks DV, Ramesh N, Lau S, Seppen J, Osborne WRA: Sustained gene 
expression in transplanted skin fibroblasts in rats. Gene Therapy 6:840-844, 1999 

71. Seyama K, Osborne WRA, Ochs HD: CD40 ligand mutants responsible for ^-linked hyper- 
IgM syndrome associate with wild type CD40 ligand. J. Biol. Chem.247:l 1310-1 1320, 1999 

72. Kuver R, Klinkspoor JH, Osborne WRA, Lee SP: Mucous granule exocytosis and CFTR 
expression in gallbladder epithelium. Glycobiology 10:149-157, 2000 

73. Barry SC, Seppen J, Ramesh N, Foster, JL, Ochs HD, Garcia JV, Osborne WRA: Lentiviral 
and Murine retroviral transduction of T-cells for expression of human CD40 ligand. Human 
Gene Therapy, 1 1 : 323-332, 2000 

74. Seppen J, Barry S, Lam GM, Ramesh N, Osborne WRA: Retroviral preparations derived 
from PA317 packaging cells contain inhibitors that co-purify with viral particles and are 
devoid of viral vector RNA. Human Gene Therapy, 1 1 : 771-775, 2000 



William R. A. Osborne, et al. PATENT 
Application No.: 08/217,324 
Page 25 

75. Seppen J, Barry SC, Klingspoor JH, Katen LJ, Lee SP, Garcia JV, Osborne WRA: Apical 
gene transfer into quiescent human and canine polarized intestinal epithelial cells by 
lentiviral vectors. J. Virology, 74:7642-7645, 2000 

76. Barry SC, Ramesh N, Lejnieks DV, Simonson WT, Kemper L, Lernmark A, Osborne WRA: 
Glucose-regulated insulin expression in diabetic rats. Human Gene Therapy, 12:131-139, 
2001 

77. Barry SC, Harder B, Seppen J, Katen L, Osborne WRA: In vitro and in vivo gene delivery 
using lentivirus vectors. Methods in Enzymaology, In Press 



Abstracts 

1. Osborne WRA, Tashian RE: Thermal degradation studies of human red cell carbonic 
anhydrase isozymes. Isozyme Bull 7:40, 1974. 

2. Osborne WRA, Tashian RE: Protoeolytic degradation of human carbonic anhydrase 
isozymes using alpha-chymotrypsin. Isozyme Bull 8:26, 1975. 

3. Tashian RE, Osborne WRA: Application of affinity chromatography to the characterization 
of the carbonic anhydrase isozymes. Isozyme Bull 8:5, 1975. 

4. Ochs UH, Osborne WRA, Chen S-H, Scott CR: The in vitro suppression of lymphocyte 
transformation by synthesized adenosine deaminase and purine nucleoside phosphorylase 
inhibitors. Fifth Intl Cong Hum Genet, Mexico City, 1976. 

5. Scott CR, Osborne WRA, Giblett ER, Chen S-H, Ammann A, Biggar WD: Nucleoside 
phosphorylase deficiency: immunologic and electrophoretic evidence for enzyme 
heterogeneity. PediatrRes 11:463, 1977. 

6. Ochs UH, Osborne WRA, Chen S-H, Scott CR: Human lymphocyte transformation 
following inhibition of purine nucleoside phosphorylase. Pediatr Res 1 1 :491, 1977. 

7. Ochs UH, Osborne WRA, Chen S-H, Scott CR: Immunodeficiency in hereditary absence of 
nucleoside phosphorylase: effect of inosine and guanosine in PHA stimulated lymphocytes. 
Fifth Intl Cong Birth Def, Montreal, 1977. 

8. Osborne WRA, Chen S-H, Giblett ER, Scott CR: Purine nucleoside phosphorylase and 
adenosine deaminase deficiency: Immunological and biochemical study of the variant 
enzymes. Am J Hum Genet 29:83A, 1977. 

9. Osborne WRA, Scott CR: The purification of human purine nucleoside phosphorylase by 
affinity chromatography. Isozyme Bull 10:48, 1977. 

10. Ochs UH, Chen S-H, Ochs HD, Osborne WRA, Scott CR: Purine nucleoside phosphorylase 
deficiency: a molecular model for selective loss of T-cell function. Am J Hum Genet 
30:1 15A, 1978. 



William R. A. Osborne, et al. 



PATENT 



Application No.: 08/217,324 
Page 26 

11. Osborne WRA, Tashian RE: The degradation by proteolysis of human carbonic anhydrase 
isozymes. Isozyme Bull 13:47, 1980. 

12. Hammond WP, Osborne WRA, Dale DC: Cyclic hematopoiesis is associated with abnormal 
purine metabolism. Blood 58:110a, 1981. 

13. Osborne WRA, Hammond WP, Dale DC: Human cyclic hematopoiesis is associated with 
abnormal purine and pyrimidine metabolism. J Clin Chem Clin Biochem 20:402, 1982 

14. Hammond WP, Osborne WRA, Dale DC: Human cyclic hematopoiesis is associated with 
abnormal purine and pyrimidine metabolism. Clin Res 30:318a, 1982 

15. Osborne WRA, Tashian RE: Dissociation constants for carbonic anhydrase- sulfonamide 
binding by high performance liquid chromatography. Isozyme Bull 16:45, 1982 

16. Osborne WRA, Scott CR: Nucleoside kinases in B and T lymphoblastoid cells. Isozyme 
Bull 18:68, 1985 

17. Osborne WRA, Slichter SJ, Deeg HJ: A canine model of purine nucleoside phosphorylase 
deficiency. Fed Proc 44(#5): 1597, 1985 

18. Osborne WRA, Miller AD: Retrovirus mediated transfer and expression of a human purine 
nucleoside phosphorylase gene in skin fibroblasts from PNP deficient patients. Clin Res 
36:562A, 1988 

19. Palmer TD, Hock RA, Osborne WRA, Thompson AR, Miller AD: Potential correction of 
genetic deficiencies with genetically modified normal diploid fibroblasts. JCB Supplement 
12B:182, 1988. 

20. Osborne WRA, Hock R, Miller AD: Expression of human adenosine deaminase from various 
strong promoters after gene transfer into human hematopoietic cell lines. Clin Res 37:542A, 
1989 

21. Miller AD, Kaleko M, Garcia JV, Osborne WRA and Palmer TD: Manipulating the 
mammalian genome. J Cell Biochem 14A :344. 1990 

22. Osborne WRA, Kaleko M, Garcia JV, Miller AD: Retroviral-mediated transfer of human 
adenosine deaminase in mice. Clin Res 38:387A, 1990 

23. Culver KW, Osborne WRA, Miller AD, Fleisher TA, Berger M, Anderson WF, Blaese M: 
Correction of ADA deficiency in human T lymphocytes using retroviral-mediated gene 
transfer. Transplant Proc. Feb. 23:(1 ptl):170-171, 1991. 

24. Osborne WRA, Lynch CM, Clowes MM, Clowes AW, Miller AB: Long-term expression of 
human adenosine deaminase in rats after transplantation of genetically-modified vascular 
smooth muscle cells. Int J Purine Pyrimidine Res 2:Supple 1, 1991. 

25. Scheuning FG, Kawahara K, Miller AD, To R, Osborne WRA, Storb R: Intermittent 
appearance of genetically marked marrow derived CFU-GM and peripheral blood 
granulocytes after retrovirus-mediated gene transduction into long-term repopulating marrow 
cells of dogs. Blood 78:Supple 1:309A, 1991. 



William R. A. Osborne, et al. 



PATENT 



Application No.: 08/217,324 
Page 27 

26. Ramesh N, Osborne WRA: Retroviral-mediated transfer and expression of human adenosine 
deaminase in dog skin fibroblasts. J Cell Biochem: Supple 15A:201, 1991. 

27. Osborne WRA, Lynch CM, Clowes MM, Clowes AW, Dale DC, Miller AD: Vascular 
smooth muscle cells as target tissue for gene therapy. Clin. Res. 40 #2, 192 A, 1992. 

28. Osborne WRA, Geary R, Lau S, Dale DC, Clowes AW: Transduced vascular smooth muscle 
cells in a canine model of gene therapy. Clin. Res. 41 #2, 194 A, 1993. 

29. Han SW, Ramesh N, Lau S, Clowes MM, Clowes AW, Osborne WRA: Retroviral mediated 
G-CSF expression in transplanted rat vascular smooth muscle cells. J. Cell Biochem. 
Supple. 17E, 225, 1993. 

30. Kuver R, Ramesh N, Lau S, Savard C, Lee SP, Osborne WRA: Succesfiil transfer of cystic 
fibrosis gene (CFTR) into a biliary epithelial cell line. Gastroenterology 104(4): A836, 1993. 

31. Osborne WRA, Ramesh N, Lau S, Clowes MM, Clowes AW, Dale DC: Long-term 
therapeutic expression of erythropoietin in rats treated with transduced vascular smooth 
muscle cells. Clin. Res. 42:237A, 1994. 

32. Dale DC, Osborne WRA: Erythropoietin: a good candidate for successful gene therapy. 
Mol. Med Today :2, 342, 1996. 

33. Osborne WRA. Reason for optimism over vascular gene therapy. Lancet: 347:752, 1996. 

34. Seppen J, Ramesh N, Barry S, Osborne WRA: Two mechanisms are responsible for 
interference by replication competent retroviruses. Am. Soc. Gene Ther. #92, 24a, 1998. 

35. Ramesh N, Lejnieks D, Osborne WRA: Double copy vectors allow fro sustained high level 
in vivo cytokine expression. Am. Soc. Gene Ther. #93, 24a, 1998. 

36. Barry SC, Sayama K, Seppen J, Ochs H, Osborne WRA: Targeted retroviral gene transfer 
into T-cells: Effects of constitutive and inducible promoters on expression of hADA and 
hCD40L. Am. Soc. Gene Ther. #94, 24a, 1998. 

37. Lejnieks DV, Ramesh N, Lau S, Osborne WRA: Efficient implantation of retrovirally 
transduced smooth muscle cells for long term gene expression. Am. Soc. Gene Ther. #123, 
32a, 1998. 

38. Osborne WRA, Lejnieks DV, Barry S, Ramesh N, Clowes AW, Dale DC: Vascular smooth 
muscle cells as targets for long-term in vivo gene expression. Am. Soc. Gene Ther. #124, 
32a, 1998. 

39. Barry SC, Seppen J, Garcia JV, Osborne WRA: Retroviral gene transfer into T-cells: 
Effects of constitutive and inducible promoters on expression of hADA and hCD40L. Am. 
Soc. Gene Ther. #165, 42a, 1999. 

40. Seppen J, Garcia VJ, Osborne WRA: Lentiviruses mediate selective gene transfer into 
quiescent polarized intestinal epithelial cells. Am. Soc. Gene Ther. #480, 122a, 1999. 



